This study was done to investigate the physicochemical properties of bee honey samples collected from different locations in west of Libya. The concentration of essential elements (Na, K, and Ca), and toxic heavy metals (Pb, Cd, Hg, and As) in honey samples were determined by flame photometer, and atomic absorption spectrometer. The results showed significant variation among the honey samples may be attributed to the plants floral types, which indicate that the mean values of moisture ranged from 20.6 to 25.1% was a slight higher than the Codex limit 20%, pH mean values 4.12 to 4.74, free acid equivalent 20 to 27 m eq./kg, total dissolved substance 646 to 994 ppm, and specific conductivity 638.5 to 1004 µS/cm. The mean values of minerals concentration in (mg/kg) such as potassium were ranged from 1120.1 to 1980.6, sodium 506.8 to 804.6, calcium 923.92 to 1117.5, lead 2.42 to 10.98, cadmium 0.125 to 0.150, mercury 0.021 to 0.10, and arsenic 0.006 to 0.018. The results revealed that the concentration of Hg and As in honey samples confine with the Codex range, on the other hand the study indicated that the concentration of Pb and Cd in honey confine with some international specifications and different with some others. The honey study may be useful for assessing the presence of environmental contaminants.
Introduction
According to the Codex [1] , and National Honey Board [2] , honey is dark golden a sweet, viscous fluid produced by Bees from the nectar of flowers and plant honeydew. The composition of bee honey is rather variable and primarily depends on the floral source, however, certain external factors also play a role in honey composition, such as environmental factors, seasonal and processing conditions, packaging and storage period. Normally honey contains 14.4 to 22 % moisture, 40 to 50% fructose, 32 to 37% glucose, 0 to 2% sucrose, and less than 0.25% of ash [3] .
Honey contains at least 181 substances such as free acids, numerous enzymes, vitamins in small amounts, various plant coloring materials, and trace elements such as Fe, Cu, Zn, Sn, etc. Honey is one of the most easily predigested foods. In Libya and many countries bee honey was and still used to preserve fruit and to make different types of cakes, sweetmeats and also it was and still a part of traditional medicine in many countries all over the world [4] .
The mineral composition in bee honey is dependent on the natural absorption of elements by plants roots from the soil and the environment usually, the mineral content of honey participates to the color of the honey, which may change from light to dark, In fact, elements concentration in bee honey was found to be correlated with geographic and floral origins, geochemical soil composition and local contamination [5, 6] . The most abundant cationic metals in honey are K, Na, Ca, Si, and Mg [7] . Trace elements such as Al, Mn, Fe, Cu, Zn, and Se, and some toxic heavy metals as Pb, Cd, Hg, and As, may also present naturally or because of contamination by environmental sources [8, 9] . These metals play an important and pivotal role in metabolism, health and disease. Their existing in human and animal food is very interesting, but if they exceed their safety levels, they well be toxic [10] . House [11] , and Grigoryan et al. [12] reported that Bees undoubtedly do not collect minerals separately but collect them indirectly along with pollen, nectar and water, whereas Pollen is a rich source of minerals ranging from 2.9 to 8.3 % [13] .
Experimental Methods
Twenty-four honey samples were collected from eight locations in west of Libya ( Fig. 1 ) and collected three samples from each locality. The bee honey samples collected were labeled (GR, BL, MS, RH, AB, AD, TC, and TE) for easy identification. All samples were stored in glass jars and kept in refrigeration at 4 °C until needed for the different analysis. All other chemicals used were of analytical reagent grade. 
Physicochemical Analysis
Moisture content was measured according to method cited by Eyobel et al. [14] , the pH value of honey samples (20%) were determined using a glass electrode pH meter (Jenway-Model 3505) according to the procedure cited by Olugbemi, [15] . The total acid equivalent values of all honey samples were determined by acid-base titration method [16] . Free acidity in mEq./kg of honey samples was calculated according to the following equation,
Electrical conductivity (μS/cm), and total dissolved substance (ppm) were determined using a conductivity meter (Jenway-Model 3545) for aqueous honey solution (20 % w/v) at 25 °C [14] .
Mineral Content
A 1.0 g of honey samples were weighted accurately in a vessel and then covered with its lid. A 6.0 mL of HNO3 (65%) were added and the mixture was allowed to stand at room temperature until initial reaction subsided and then 2.0 mL of H2O2 (30 vol.) were also added. The mixture was then transferred to the Milestone microwave unit after closing the vessel inside the rotator, and then the microwave program was started by setting the time and watt. The vessels were cooled and opened, then rinsed with deionized water three times in a beaker as well as beaker side. This solution was filtered in 25.0 mL volumetric flask and completed to the mark with deionized water, and transferred to a polyethylene container. Sodium, potassium, and calcium concentration were measured using a flame photometer (BWB Technologies, UK), while the toxic heavy metals concentrations were read using atomic absorption spectroscopy (Shimadzu AA 6701 F; A. A Spectrophotometer; Shimadzu Ltd, Japan) fitted with hollow cathode lamp. Blank heavy metal solutions of 1000 ppm was diluted accurately to 2.5, 2, 1.5, 1.0, 0.5, 0.1 and aspirated before analysis of digested solutions of honey samples by AOAC methods [17] . Table 1 shows the results of the physicochemical characterization of honey samples. The mean values of moisture content of the honey samples studied ranged from 20.0 to 25.1 %, These mean values are higher than the limit indicated in Codex (≤ 20%). AD honey had the highest moisture content, while MS honey had the lowest. On the other hand, the moisture content values obtained were within the range reported by Ibrahim [18] 13.01 to 26.08%. These variations in the moisture content of honey under study could may be attributed to temperature and high relative humidity of sampling location, method of honey extraction, and storage conditions.
All values are expressed as (minimum -maximum); mean ±SD

Results and Discussion
The mean values of (pH) were found to range between 4.12 and 4.74. The highest pH value was recorded for the local honey sample that obtained from TE, while the lowest pH value was found in the MS sample. pH values of honey samples fall within the range of established Codex standard of honey 3.6 to 5.6. Also, the result shows that the mean values of acid equivalent of honey samples ranged from 20 to 27 meq/kg. The results fall within the limit of international standard (lower 50 m eq./kg). Awad [19] mentioned a range of 16.66 to 23.34 meq/kg for the acid equivalent values of honey samples collected from west of Libya. The acidity of bee honey is due to about 18 amino acid, and other organic acids such as acetic, tartaric, ascorbic, citric, etc., particularly the gluconic acid, in equilibrium with their esters or lactones and inorganic ions such as chloride and phosphate [20] .
Electrical conductivity (EC) is a best criterion of botanical origin of bee honey and today it is determined in routine honey purity and quality control [21] . The EC mean values of BL, MS, RH, AB, TC, and TE honey solutions at 25 o C, were found 801, 638.5, 679.3, 767.3, 696.4, and 707.1 μS/cm, respectively. These values were in agreement with British Pharmacopoeia (≤ 800 μS/cm) [22] . While, the higher value of EC 1006, and 841 μS/cm were observed in the GR, and AD honey solutions at 25 °C., respectively. Results agree with Gangwar et al. [23] who noted that EC of Ethiopian honey ranged from 170 to 1350 μS/cm. Inorganic and ionic organic substances in honey samples were measured as TDS, from study the TDS of honey samples were found to be at the range of 646 to 996 ppm. The results of this study on TDS were also in agreement with the previous work of Awad [19] who reported 674 to 1256 ppm in honey collected from west of Libya. The results showed that there is a linear relationship between TDS and EC, indicating that both parameters can be used to determine honey purity.
Mineral Composition
The mineral composition of bee honey samples collected from GR, BL, MS, RH, AB, AD, TC, and TE were shown in Table 2 and Fig. 2 to 5 comparing the mean values of essential elements Na, K, and Ca obtained from bee honey samples with the values reported by Awad [19] . We could observe that the mean values range of Na 506.8 to 804.6 mg/kg , were lower than the values reported by Awad [19] 961.0 to 2110 mg/kg , while the mean values range for Ca were the same range values reported by Awad [19] 1005 to 1414 mg/kg, however, the highest concentration of calcium were reported by Girliane [24] for Brazil (jandaira) honey 1864 to 3424.9 mg/kg. For honey samples the mean values for K were higher than the values reported by Awad [19] for honey samples collected from Kasr Khiar in west of Libya 1675 mg/kg, also mean values of K were observed lower than the values reported by Awad [19] for honey samples collected from Garaboli in west of Libya 2466 mg/kg. Saadiyah et al. [25] reported that the potassium content in Brazil (jandaira) honey samples ranged from 5918.5 to 13366.6 mg/kg. The essential metals Na, K, and Ca can also produce toxic effects when the metal intake is excessively increased. Fig. 2 shows that the major elements are in the order K > Ca > Na for honey samples. The high concentration of potassium in bee honey samples can be attributed to the high levels of potassium ions in plant tissues. The toxic elements Pb, Cd, Hg, and As are industrial pollutants which have high negative effect on human and animal health. Soils, rocks, weather conditions, and mineral fertilizers, contain slight amount of toxic heavy metals, and they effect on the final level of Pb, Cd, Hg, and As concentration in a plant. Table 2 and Fig. 3 show that the mean values of Pb in honey samples collected from GR, BL, MS, RH, AB, AD, TC, and TE were 7.6, 10.98, 9.61, 3.67, 5.31, 6.32, 2.42, and 8.1 mg/kg, respectively, and were clear higher than the values reported by Codex (less than 0.1 mg/kg), Poland standards, however it is reported that maximum Pb levels in honey samples as 0.5 mg/kg [26] , and in the European Union Member States the maximum Pb levels in honey samples as 1.0 mg/kg [27] . When comparing the mean values range of Pb content determined in the current study with the Argentina Australia and Brazil honey, the higher range of Pb concentration appeared in Argentina Australia and Brazil honey samples 115.17 to 332.33 mg/kg, while Pb values in the Egyptian honey range from 4.12 to 9.3 mg/kg. Saadiyah et al. [25] reported that the Pb content in Turkey honey ranged from 8.4 to 44.1 mg/kg. High concentration of Pb ions in bee honey described in other studies may indicate a possible environmental pollution, as revealed by Lambert et al. [28] . [29] for Egyptian honey 0.1 to 0.5 mg/kg, and Saadiyah et al. [25] for Saudi Arabia honey 0.1 to 0.16 mg/kg, but a little higher than the value reported by standard codex limit 0.05 mg/kg. Table 2 and Fig. 5 show that the mean values of mercury (Hg), and Arsenic (As) in honey samples were ranged from 0.021 to 0.10, and 0.006 to 0.018 mg/kg, respectively. These values were below the sensitive detection limit of Codex. 
Conclusion
The results of this study clearly show that bee honey samples collected from eight locations in west of Libya have good physicochemical properties and high concentration of essential elements and may be considered as a source of these elements to human body when taken freshly in crude form or manufactured in honey product. The Libyan honey samples collected from west of Libya tend to have higher average content of Pb and Cd, whereas, the BL samples tend to have higher content of Pb metals. The data also shows that toxic heavy elements such as Hg, and As are present as traces.
